The HBx gene of hepatitis B virus has been shown to induce hepatic tumors in transgenic mice and is implicated in hepatocarcinogenesis in human hepatitis B virus infection. 
Introduction
The association of hepatitis B virus (HBV)' infection with hepatocellular carcinoma (HCC) is well documented and has been the focus of research over the past two decades (1, 2) . However, the mechanism of hepatocarcinogenesis is still unclear despite the number of studies on integrated HBV genomes and adjacent host sequences (3, 4) . These have failed to show an association of HBV integrants with activation of protooncogenes or inactivation of antioncogenes.
Recently, one of the four genes encoded by HBV, the HBx gene, has been found to be a viral transactivator (5) . Since then, a variety of genes has been shown to be activated by HBx protein, including viral genes such as the SV40 early region, human immunodeficiency virus long terminal repeat, Rous sarcoma virus, and HBV itself (6, 7), as well as cellular genes 1 . Abbreviations used in this paper: BrdU, bromo-deoxyuridine; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; MMTV, mouse mammary tumor virus; RT-PCR, reverse transcription PCR.
such as c-fos, c-myc, and major histocompatibility class I genes (8) (9) (10) . Activating such a broad spectrum of genes, HBx gene is implicated in carcinogenesis as one of the causative factors ( 11) . In fact, HBx gene has been shown to induce liver cancer in transgenic mice (12) , and HBx gene products have been shown to be expressed in HCC tissues more frequently than in the surrounding liver (13, 14) . In in vitro studies, however, it is still controversial whether or not HBx gene has transforming ability (15) (16) (17) . In this study, we established mouse cell lines in which the expression of HBx gene could be controlled by the use of hormone and investigated the function of HBx gene in cell growth control and neoplastic transformation.
Methods
Plasmid construction. Plasmid pMTVHBx was constructed from plasmids pMTVEIA (18) and pSVXORF (19) . In pSVXORF, the open reading frame of the HBx gene from HBV genome (subtype adr) (20) is located downstream of SV40 early promoter with modification of sequences in front of the initiation codon from TTTCC to AGAGC to improve the efficiency of translation (This modification was designed by Dr. I. Saito, Institute of Medical Science, University of Tokyo) (21) . After introducing XhoI linker at Stul site of pSVXORF which lies 20-bp upstream of the HBx initiation codon, the resulting plasmid pSVXXhoI was double-digested with XhoI and EcoRI and ligated with the large fragment of pMTVElA, which was also digested with XhoI in combination with EcoRI ( Fig. 1 ). In the final plasmid pMTVHBx, the HBx gene open reading frame was under the control of mouse mammary tumor virus (MMTV) long terminal repeat and was followed by processing signals of SV40.
Cell culture and DNA transfection. NIH3T3 cells obtained from the American Type Culture Collection (Rockville, MD) were grown in DME (Gibco Laboratories, Grand Island, NY) supplemented with 10% FCS (Gibco Laboratories) to confluence. Cells were trypsinized and replated into 10-cm dishes. On the following day, pMTVHBx or control plasmid was transfected together with pRSVneo plasmid (10:1 ratio) into 5 x 105 NIH3T3 cells by the calcium phosphate method. Selection in medium containing geneticin (G418; Gibco Laboratories) at a concentration of 500 ,ug/ml was started 24 h later. After 2 wk in the selection medium, positive clones were isolated.
DNA preparation and PCR method. Cells grown in 6-well dishes were rinsed with phosphate-buffered saline (pH 7.4) and incubated with 100 sg/ml of proteinase K for 45 min at 56°C in 500 ,ul of K-buffer (50 mM KCl, 20 mM Tris/Cl, 2.5 mM MgCl2, pH 8.3). After inactivating proteinase K by heating at 95°C for 10 min, 10 ILI of preparation was used for PCR detection. For the PCR method, a set of 20-mer oligonucleotides (S1, GGAGTAGTAGTGATCTACCG; X3, CATGGAGAC-CACCGTGAACG) was chosen as primers in the sequences of plasmid pMTVHBx over SV40 intervening sequences.
RNA preparation and reverse transcription PCR (RT-PCR) method. Cells were harvested with trypsin, and RNA was extracted from cells as described by Chomczynski and Sacchi (22) . RNA was analyzed by RT-PCR as described previously (23) , using X3 and S1 primers. Then, samples were analyzed by electrophoresis in 2% agarose gel and in some cases were subjected to Southern blotting. For normalization of the amounts of RNA, 63-actin mRNA was determined using RT 
Results
Isolation of NIH3T3 cells expressing HBx gene in response to dexamethasone. Among 42 clones which were G418-selected after cotransfection with pMTVHBx and pRSVneo, 41 clones were found to be pMTVHBx positive by screening with the PCR method. These clones were then seeded into two sets of 24-well microtiter plates, and only one set of cultures was treated with dexamethasone at a concentration of 10-6 M. After incubation for 24 h, cells with or without dexamethasone stimulation were harvested and treated for RNA extraction. Then, inducibility of HBx gene was examined by the RT-PCR method, and 11 out of 41 clones tested were selected and designated as MTX cells. Most clones expressed HBx gene irrespective of the presence of dexamethasone. Five control NIH3T3 clones were also selected after cotransfection with pUC18 and pRSVneo. Plasmid pMTVAdl2, pMTVElA, or pMTVElB (18) was also cotransfected to NIH3T3 cells with pRSVneo, and several clones were obtained as controls in the same way as MTX clones.
Saturation density of MTX cell lines. The level of expression reached its peak at 6 h after the addition of dexamethasone and returned to the basal level at 24 h. Lane 
then analyzed by Western blotting on MTX1-2 cells which were grown to confluency in DME with 10% FCS. The expression of HBx protein began to increase as early as 3 h after the addition of dexamethasone, reached its peak in 6 h, and returned to the basal level after 24 h (Fig. 2 B) . Cell Fig. 4 . After 18 h of treatment, the number of MTX1-2 cells in the S phase markedly increased with a concomitant decrease of cells in the GO/GI phase. After 24 h, most of the cells entered into the S and G2/M phases, and the cell cycle progressed further toward 48 h. In contrast, the majority of control neo-3 line cells remained in the GO/GI phase after the addition of dexamethasone (Fig. 4) . Upon a single dose of dexamethasone addition, cell numbers of MTX cell lines doubled in 48 h, while control cells showed only a slight increase (Fig. 5) . Tumorigenicity (24) or c-myc gene (25) have been known to possess mitogenic activity, which is the new property of HBx gene, and the mitogenic activity of these genes is considered to be closely related to their immortalizing abilities (24) . In this sense, HBx gene might belong to nuclear-type oncogenes. Failing to transform NIH3T3 cells (17, Our data demonstrate that overexpression of HBx gene induces cell cycle progression in established culture cells. These HBx-expressing cells may be predisposed to transformation (28) and may be subject to secondary hits which are independent from the events provoked by HBx protein. It is interesting that recently HBx protein has been shown to use protein kinase C pathways in acting as a transcriptional activator (17) . Similar to a number of mitogens and growth factors, HBx protein may exhibit its mitogenic activity through this pathway. The MTX cell lines described here may be a good system to elucidate it and to further characterize complex events leading to transformation after the expression of HBx gene, such as identifying cofactors which are dimerized in functioning as transactivators (29) .
